ABSTRACT
INTRODUCTION
Organic production represents one of the most important sustainable agriculture systems, wherein higher nutritional values of food could be achieved alongside the preservation of biodiversity and agroecosystems (Šeremešić et al. 2017 ). An increasing demand for the safe food production has raised awareness of finding new solutions that will improve the organic system of vegetable production, create complementary relationships with the neighboring ecosystems, as well as preserve the environment. In the organic system of vegetable production, in addition to the proper selection of varieties / hybrids and crop rotation, intercropping could play an important role (Ugrinović et al., 2014) . Companion crops create a part of the ecological and horticultural arrangement in the field called "Farmscaping", comprising vegetable crops, floral species, spice plants and medical plants in a crop combination (Lazić and Šeremešić, 2010) . The cultivation of certain varieties in the intercropping systems leads to numerous positive effects (Eskandari, 2012) such as controlled plant growth, increased biomass production and yield (Zhang et al., 2011) , better utilization of resources (Betencourt et al., 2012) , reduced disease infestation and decreased number of pests and weeds (Dolijanović et al., 2008) . Due to the above-mentioned characteristics, the intercropping approach to vegetable production is of increasing importance and central interest to a large number of scientists in the field of agriculture and ecology (Brooker et al., 2015) . Nevertheless, researchers mostly investigate the advantages of intercropping based on favorable biological relationships between crops and differences in exploiting available growth resources (Kadžiulienė et al, 2011) . In addition to the most common intercropping species in the world (namely maize and beans), there are several combinations of crops that could be considered a viable option relative to the agroecological conditions in Serbia: carrots and onions, lettuces and onions (Lazić et al, 2014) , as well as beans and radishes (Ugrinović, 2015) . According to Novaković et al. (2012) , the areas devoted to onions in Serbia have been diminishing since the beginning of the 21 st century, whereas a slight increase has been recorded in the areas devoted to carrots. The carrot (Daucus carota) belongs to a group of root vegetables. This group includes a large number of vegetable species that have morphological similarities, thus requiring similar cultural practices (Ilin et al, 2004) . The carrot is considered one of the most important vegetables. It is grown for its enlarged root characterized by both nutritional and therapeutic properties (particularly rich in vitamin A) (Bajkin et. al., 2014) . The intercropping of carrots and onions is considered relatively widespread on small family organic farms. However, the intercropping of carrots and onions in wider areas requires the following considerations: combined sowing, weed control, fertilization and harvest. Both vegetables are regarded as plants with a high content of essential oils, and their interaction is based on biochemical effects. It is believed that the aromatic substances and root exudates of carrots deter the onion fly (Delia antique), whereas onions could prevent the appearance of the carrot rust fly (Chamaepsila rosae) (Lazić, 2008) . Furthermore, Kocić-Tanackov et al. (2013) argued the inhibitory effect of onion essential oils on microbial activity. A mixed cropping of carrots and onions (in two to four rows) is possible in the open field production because both species have small seeds, long periods of sprouting, and parallel times of vegetation (early spring) (Cox, 1994) . The positive results of carrots and onions cultivation as companion crops is widespread and common on a small scale, but it is difficult to replicate those experiences on a larger scale. The purpose of this paper is to assess the efficiency of carrot and onion intercropping, and to investigate which of the combining methods used has a positive effect on the productivity and quality of selected plant species in the organic growing system.
MATERIAL AND METHOD
The trial was set up on a certified organic farm in Futog (Republic Serbia). For the purpose of the experiment, the seeds were obtained from the Institute of Field and Vegetable Crops, Novi Sad (carrot cultivar 'Nantes' and onion cultivar 'Kupusinski jabucar'). Both species were simultaneously sown at a depth of 3 cm with an intra-row spacing of 5 cm and an inter-row spacing of 20 cm on 17 th March, whereas both crops were harvested on 13 th August. The preceding crop was soybean. The sowing was carried out in four-sided strips, 12 m long, with 2 protective lines on the side (40 cm). The size of the experimental plot was 120 cm x 200 cm and the unit for sampling was 2.2 m 2 . The experimental intercropped and single crop stands were treated with corn gluten meal (G) at a rate of 300 g m 2 , whereas the control intercropped and single crop stands were not. Carrots and onions were sown as combined crops and a single crop in the following model: (i) c -carrot pure stand; (ii) coco -carrot + onion + carrot + onion in single rows, (iii) ccoocarrot + carrot + onion + onion in double rows, and (iv) oonion pure stand.
The vegetables analyses were performed at the Laboratory of the Agroecology, the Faculty of Agriculture in Novi Sad. Masses of fresh bulbs and fresh carrot roots were determined using the square method in three replicates. Morphological properties were determined on randomly sampled 10 plants per repetition. The following morphological properties were determined: onion bulb mass and bulb index, as well as the number and length of carrot leaves, carrot root mass and carrot periderm share. The following quality parameters were assessed: the dry matter content of both species and the content of β carotene in carrots. The dry matter (DM) determination in the carrots and onions analyzed was performed using a refractometer at the Faculty of Technology in Novi Sad. DM was determined by drying the samples at 103 ± 0.5 °C in a dryer to a constant mass. Calculations were done using the following equation:
M0 -mass the container (g) M1 -mass of the container before drying (g) M2 -mass of the container after drying
The content of β carotene was determined using column chromatography. The content of β carotene in the samples was determined in several stages. First, all carotenoids were extracted from the sample, and then the amount of β carotene from the extract was eluted using adsorption chromatography. The solution obtained was dissolved in a suitable solvent, and the maximum absorbance of the solution was determined (448 nm) (Vračar, 2001) . The content of the β carotene (X) was determined according to the following equation:
1% -specific (extraction) absorption coefficient for β carotene = 2500; A max-absorbency read on the spectrophotometer; l -width of the cuvette (cm); m -mass of the sample (g); DM -dry matter (%). (Figure 1) . By analyzing the soil on which the experiment was established, the agrochemical properties of the soil were determined (Table 1) . These properties exhibited no significant impediments to vegetable production.
The data obtained were statistically analyzed using the analysis of variance (ANOVA). The Fisher's LSD test was used to compare the means of the parameters examined at p < 0.05 level of significance. All the calculations were done using the software system STATISTICA 12.6, StatSoft, Inc.
RESULTS AND DISCUSSION
The analyses of climatic conditions showed that the above average precipitation in May and July affected the growth of onions and carrots, as well as the morphological properties examined (Figure 1) . Furthermore, the higher temperatures and lower precipitation in Jun negatively affected the plant growth of the experimental crops and encouraged weeds infestation. According to Pejić et al., (2011) , the amount and distribution of precipitation considerably affected the soil water regime and successful vegetable production. The carrot growth was significantly influenced by intercropping. The carrot root mass ranged from 60.35 to 79.33 g per plant (Table 2) . Higher values of root mass were obtained in a plot with alternating double rows of onions and carrots and addition of maize gluten (ccooG). Lower values of root mass in single carrots could be attributed to higher weed infestation. Ecological analyses of the weed flora on organic farms showed a wide range of weeds that influence organic crop production (Džigurski et al. 2012) The comparison of carrot pure and intercropped stands showed positive effects of intercropping. This result could be accounted for by the fact that onions do not shade carrot, thier shallow root system does not compete for water and nutrients, and do not deform carrot roots (Błażewicz-Woźniak and Wach, 2011) . The number of leaves per plant has been affected by intercropping and ranged from 6.78-8.33. A significantly higher number of carrot leaves were observed in a plot with mixed cropping and single crop alternations with onions. It appears that onions provide a favorable environment for the carrot leaf development in mixed cropping compared to the carrot pure stand. Conversely, the carrot leaf lengths proved higher in the carrot pure stand compared to the intercropped stand.
The selected combinations of intercropping and gluten application had no effects on the periderm share in carrots (Table 3) . In our study, the dry matter of carrots ranged from 9.42 % to 10.28 %. β carotene is considered an important quality trait in carrots (Smolen and Sady, 2009 ). Higher content of β carotene was found in the intercropped carrot production compared to the single carrot production (66.29 μg /g DM).
The results obtained are consistent with the results of Sink et al. (2017) , who examined the organic and integral farming system. According to Bogdanović et al. (2006) , the β-carotene content is positively correlated with the application of fertilizers.
The onion is sensitive to germination, and precipitation deficits in March affected the pre-bulb growth stages. The bulb index represents a trait specific for each variety, and thus no significant effects were observed (Gvozdanovic-Varga et al., 1996) . The largest bulb mass was measured in a two-row intercrop with gluten (25.87 g), while the smallest bulb mass of 18.59 g was recorded in the control plot (single crop of onion). The applied treatment had significantly influenced the mass of onion bulb (Table 4) . Consequently, mixed onion crops exhibited statistically significant advantages compared to single onion crops.
At variance to our results, Tardan at al., (2006) and Kabura et al., (2008) reported that intercropping onion with carrot reduces the marketable bulb yield. With regard to the restricted management in organic agriculture, i.e. not using fertilization and pesticides, the obtained outcomes of the production were as anticipated. The experimental results demonstrated that the vegetable intercrops were also able to control plant diseases (downy mildew, purple bloch), as reported by Narla et al. (2011) . The dry matter content in onions ranged from 9.48 % -11.42 %. The highest content of DM in onions was recorded in the pure stand of onion compared with the intercrop. It appears that intercropping of onions and carrots was more beneficial to carrots. This could be accounted for by the fact that carrots exerted a suppressive effect on onions featuring a faster crop establishment.
The total relative yield (RYT) and land equivalent ratio (LER) were used to measure the efficiency of intercropping. The values of both indicators have shown that there is a biological efficiency of combining carrots and onion since the results obtained are greater than 1 (Table 5 and 6) .
Therefore, the RYT and LER values showed that the alternation of single rows of onion and carrot is more efficient than intercropping with double rows. This could be accounted for by the fact that the selected intercropping combinations provide favorable conditions for the growth and development of onions and carrots. The Beneficial effect of intercropping on the LER were also observed in Amanullah et al. (2016) . 
CONCLUSIONS
The intercropping of carrots and onions in organic farming increases the biological and resource efficiency. Carrots and onions represent a proper selection for intercropping because they are essentially complementary. In our study, a more beneficial effect of intercropping was observed in carrots compared to onions, particularly in the alternation of crops in single rows. The results obtained could contribute to the development of a suitable system of vegetable growing in organic agriculture, and to a more efficient utilization of available resources.
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